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Performance of a low Embankment on a Soft Soil Deposit
Gerald P. Raymond
Professor of Civil Engineering, Queen's University at Kingston,
Canada

SYNOPSIS
The design and performance of a surcharged highway embankment across a 45 metre thick soft soil deposit
is described. Using theoretical soil mechanics concepts it was predicted that the long-term stability
necessitated the use of berms despite the fact that an undrained strength analysis based on in situ
vane tests predicted a reasonable factor of safety. This fact is supported by the performance of an
existing road. Consideration of both theoretical soil mechanics concepts and practical considerations
suggested that the berms should be construction prior to the central fill and from their outer limits
towards the centre.
The central fill was to be placed in thickness and in stages rather than to
grades.
Eighteen piezometers, 12 settlement tips and 24 surface settlement plates were used to measure the
performance.
DESCRIPTION
ELEVATION

FINISHED

GRADE

An improved alignment of the road from Lansdowne
towards Lyndhurst, ontario, Canada, necessitated
the construction of an embankment that was
required to have 1.21 m of freeboard above the
then existing surface of a deep soft soil
deposit.
A longitudinal section of the roads
centre line through the deposit is shown in
Figure 1.
The deepest point of the deposit
consists, from the surface downwards, of:-

•

•
•
•

3 m of amorphous granular peat,
2 m of lake marl,
1 m of algae and,

40 m of
clay.

normally

consolidated

7Bm

laminated
75m
0
0

Prior to construction the surface vegetation on
the peat consisted mainly of trees about 15 m
high interspersed with a bush cover. During the
summer months small plant life covered the peat
surface.
A stream meandered through the peat
surface, except during spring thaw when flooding
often occurred.
Most years the spring flooding
covering the existing old road whose surface was
0,9 m above the deposits surface.
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Figure 1.
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Section through deposit

determination of the in situ and laboratory
permeability related to this site are given
elsewhere
by
Raymond
and
Azzouz
(1969) .
Similarly details for the consolidation testing
of peat are described by Raymond et al (1972).

An existing two span concrete bridge spanned
the stream near the centre of the peat crossing.
The bridge was badly cracked and deformed. There
was a differential settlement between piers of
over 100 mm.

Below 6 m the soil is a non-homogeneous
laminated fresh water deposited clay.
In the
clay the strength and preconsolidation pressure
increase linearly with the overburden stress.
This is typical of a normally consolidated clay
(Skempton, 1948). The preconsolidation pressure
increases faster than the overburden pressure
which is typical of a quasi-preconsolidated clay
(Bjerrum, 1967).
The rate of strength increase
is much greater than predicted from Skempton's
( 19 57) suggested relationship between strength

SOIL PROPERTIES
Numerous soil tests were performed on the soils,
both in-situ and in the laboratory.
Those done
on the upper 6 m of the deposit indicated very
variable conditions.
Figure 2 shows a typical
strength profile, overburden stress profile and
preconsolidation pressure profile. Table 1 gives
other
soil
properties.
Details
on
the
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Figure 2.

OVERBURDEN

0

Typical soil properties obtained for deposit
deposits.
For this deposit, due to the low
shearing strength in the top part of the clay it
is
clear
that
any
excavation
would
be
prohibitively
deep.
Some
other possible
alternatives considered were:-

and plasticity index. While this relationship is
considered very crude it supports the conclusion
that the clay is quasi-preconsolidated.
A
suggestion by Bjerrum (1967) relating the quasipreconsolidated to the overburden stress for
Norwegian marine clays is:
(c/a) for soil deposit
(c/a) from plasticity index

•
•
•

(1)

Results of triaxial tests gave large effective
strength angles of internal friction and zero or
near zero effective cohesion intercepts.
The
smallest friction angle was for the clay (~' =
30°, c' = O). Unjacketed drained triaxial tests
on the clay confirmed the result c'=O and that
the clay was uncemented.
Unjacketed tests were
not performed on the peat and lake marl types due
to considerable sample disturbance.

Once it was decided to ride the muskeg the
problem of dealing with the stream crossing
needed evaluatiuon.
Three possibilities were
considered:-

•

Both in-situ and field permeability tests were
performed.
The results of the insitu tests are
summarized in Table 1. The results on the upper
6 m may be seen to be high in comparison with the
lower normally consolidated clay.

•
•

method

of
partial
excavation
andjor
is often used for shallow muskeg
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a small piled bridge foundation,
a culvert on the existing stream alignment
and,
diverting the stream and founding the
crossing in or on the edge of the rock.

The use of a piled bridge foundation was
dismissed because of the adverse effect of
negative friction on the piles. A culvert on the
existing stream alignment was dismissed for three

OVERALL DESIGN CONSIDERATIONS
~isplacement

a pile foundation for the embankment
a bridge spanning the muskeg
to float or ride the embankment across.

Piling or constructing a bridge across the
muskeg was estimated to be extremely costly. On
the other hand the quasi-preconsolidated nature
of the clay made the method of riding the muskeg
feasible.
It was concluded that settlements in
the deep portions of . the clay would be quite
small.
Due to the high values of permeability
obtained for the upper 6 m (see Table 1) stage
construction and preloading combined with the
method of riding the muskeg was selected as the
most economic construction option for the new
embankment.

Equation 1 gives a value between 2.0 and 2.4.
This is in reasonable agreement with the values
shown on Figure 2 even though the clay was
deposited in fresh water and is laminated and not
homogeneous.

The

kN/m 2

LYNDHURST CLAY

+
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w
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EFFECTIVE STRESS
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TABLE 1
Typical soil Properties Obtained For Analysis
Range of Percentage compression from
Oedometer tests

Material·

Min

Max

Min

Max

Min

Max

Load

Unload

Bulk
Unit
Weight
kN/m3

Peat
Marl
Algea
Clay

6.1
6.1
8.1

12.6
11.3
10.1

19.1
13.9
21.5

31.2
31.0
22.1

25.2
20.8
29.8

40.4
40.1
30.5

6.8
21.4

14.1
39.2

9.43
11.2

**

80.0

1,400

17.6

20 kPa

*
**
***

30 kPa

47 kPa

*

ESfJ/c;,

In situ
Permeability
10-6 mmjs

Plast
Index

Hor.

Vert.

***

4350
1460
1500
1.7

672
1460
568
0.7

13-17

Except for the upper few metres of the clay layer little settlement is likely to occur
during the life of the road.
Due to low permeability of the clay the settlement under the preload in the clay layer
should be small.
Mororized British standard liquid limit device used.

2. o times the depth of the peat plus marl layers.
Because of the depth of the deposit and the
desire to avoid failure the berms were made 12 m
wide. To prevent overstressing of the clay their·
height was limited . to 1. 2 m.
The design
permitted this berm material to be placed in one
layer of uncompacted material.

main reasons.
First~ th,e predicted embankment
settlement was large , second, the stream flow in
the spring required an relatively large culvert,
and third the large deformations of the existing
bridge. fiiverting the stream through a bridge or
culvert founded on or in the rock at one end of
the muskeg deposit was clearly the best solution.
Because of the rapid drop of the rock bottom the
stream was diverted through blasted rock with a
bridge founded in the rock.
The location is
shown in Figure 1.

The stability . of the clay underneath the
central embankment was estimated as though it
were a surface deposit loaded by the central
fill. Thus the safe conservative embankment load
is 5 c..m
+ ~·
This allowed placement of
compacted granular fill depth of about 2.1 m for
a conservative factor of safety of 1.
It was
assumed that the true factor of safety would be
greater due to:

EMBANKMENT DESIGN
The total stress analysis, although predicting a
safe unsubmerged fill height for the embankment
of 2. 4 m, has been found unsatisfactory by a
number of persons (e.g. Raymond, 1969).
The
unsatisfactory nature of the total stress
analysis for peat was confirmed from four
boreholes drilled through the old road.
Three
were terminated in the fill at a depth of 5 m,
the maximum depth obtainable with the power auger
available. The fourth hole, near the edge of the
deposit, showed a fill thickness of 2 m that had
settled more than 1 m into the muskeg.

•
•
•
•

H67).

Effective stress analysis is the alternative
method of solution. Once dissipation of excess
pore pressure
is complete the embankment
stability is similar to that for a footing
(Terzaghi and Peck, 1948):

Calculated settlements, based on the data given
in part in Table 1 and Figures 1 and 2, were
estimated at 1. 2 m. In order to conform with Lea
and Brawner's (1963) conclusion that preloading
is essential to good road performance in muskegs
1 m of lightweight fill was specified below the
2.1 m of granular fill.
This lightweight fill
was selected as waste from a logging mill (mainly
coarse sawdust and wood chips). The result was
estimated to allow removal of 600 mm of granular
as a preloading. This was to be left in place
over the winter months.

(2)

In the peat, the water table is at or close to
the surface, and 'Y = 'Yw so that 'Y' = o. From the
triaxial tests c' for both the peat and lake marl
is close to 0.
Unless a surcharge berm is
provided ~ = o by definition. With c' = ~ = y'
= 0 Equation 2 gives CL! = 0.
Obviously the
existing fill requires CL! > 0, indicating that c',
although small, is not 0 (since~= y' = 0). It
was concluded that the most logical way to ensure
effectiye stress stability of the peat and lake
marl was to use a surcharge berm.

CONSTRUCTION PROCEDURE
Although soils are not elastic the theory of
elasticity can be of immense value in giving some
indication of what is occurring in a soil mass.
Raymond (1969), using elastic theory, showed. that
for a single fill lift, construction should be
carried out from the outer limits of the berm
towards the fill centre rather then from the
centre outwards.
From the practical point of
view, should a mud wave develop it would be

Raymond (1969) has shown th~t, for stability,
the width of a surcharge berm should be 1.5 to
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load spreading through the top 6 m of soil,
consolidation, even though ~low, would cause
some increase in strength in the upper
weakest part of the clay layer, ·
the embankment would be built in stages and
monitored and,
the clay increased in strength with depth
increasing the factor of safety (Raymond,

359

trapped in the centre if both berms are
constructed from the outside inwards.
On the
other hand if construction is from the centre to
the outer limits any mud wave which occurs will
be pushed outwards and will be lost. This would
cause a large immediate settlement that is not
recoverable.
In addition, the soil below the
embankment will be left in a badly disturbed
state.
A similar result is produced by
construction from one side of the fill to the
other.
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Figure 3. Instrumentat'ion at Station 346 + 30
Prior to construction settlement tips and
piezometers were installed at about station 346 +
30, as shown in Figure 3, along with about 15
surface settlement plates (three every 30 m
longitudinally). During construction settlement
plates were placed along the centre line on the
surface of the sawdust fill .

Uncompacted granular berms 12m wide and 1.2
m thick were to be constructed starting form
the outside and working towards the centre
prior to the placement of any central
material.
The central 12 m was to consist of lateral
logging covered by 1 m of sawdust covered by
selected compacted granular fill placed in
stages.
The central granular fill was to be placed
in thicknesses as directed from time to time
by the Engineer up to a maximum thickness of
2.1 m.
This was to be achieved by placing
grade stakes within the side slopes of the
central fill and where possible on the
centre line so that they settle with the
fill material during construction.
All material within 1 m of the field
instrumentation (settlement plates, etc.),
was to be placed and compacted by hand.

During construction it was found best to place
only the central logging first followed by the
berms.
The berms were constructed prior to
placing the sawdust.
Berm construction was
started at the outside limits keeping the outer 3
to 4 m width of berm material ahead of the next 3
to 4 m width of material and so on.
The outer
material was keep about 3 m ahead of the next
inner width.
Construction was by pushing the
berm fill ahead with a lightweight bulldozer
(total mass about 500 kg).
On the centre line
about 75 mm of heave was recorded.
The centre
line and surface settlements at Station 346 + 30
are given in Figure 4.
·
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The final contract documents included clauses,
base on the above, that required the bidder to
allow for the following facts:
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The contract specification required the berms
to be constructed and completed prior to the
placement of any central fill.
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When both berms were in place the central
sawdust was placed. The contractor found that it
was preferable to drive construction equipment on
the sawdust than the loose berm material.
The
granular material was placed on the sawdust in
150 mm layers to a depth of 1.2 m during stage 1.
For the first 450 mm compaction was difficult and
95% Proctor density was not acheived.
The
maximium settlement recorded for the deposit
during fill placement of stage 1 was about 475 mm
including the 75 mm of heave (i.e. a net surface
loss of elevation of 400 mm) •
The sawdust
compressed about 150 mm giving a total loss of
elevation of the sawdust/granular interface of
450 mm. An additional 170 mm settlement occurred
during the rest period between the end of stage 1
construction and the start of stage 2.
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exception was at the main instrumented area at
station 346 + 30 where the thickness of fill, by
accident, was made 450 mm thick and a minor
failure of the underlying clay occurred.
The
conclusion that a minor failure occurred is
supported by the response of the pore pressure
readings seen in Figure 6 that show a continued
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Surface centre line settlement at
Station 345 + 00

5.4m P3

Figure 6.
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Since the pore pressures in the peat had
dissipated rapidly during construction of Stage 1
it was decided to construct Stage 2 as a
thickness of 600 mm of fill some 4 weeks after
stage 1 was complete.
This weight of fill
caused, about 150 mm of surface settlement along
the centre line for most of the embankment as
shown for Station 345 + 00 on Figure 5.
An
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During construction of stage 1 excess pore
pressures
in
the
peat
dissipated
almost
instantaneously.
Those in the marl layers
dissipated slowly. Little or no dissipation was
recorded in the clay. In fact at depth their was
some measurea~le increase in pore pressure
between the end of stage 1 construction and the
start of Stage 2.
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geosynthetics, a technique strongly endorsed by
the writer.
Discussion of the technique of
confinement with geosynthetics is beyond the
scope of the work but the method . has allowed
construction of embankements on soft soils that
result
in
both
large
punch
(undrained)
settlements combined with large consolidation
settlements without catastrophic failure.

rise after the end of construction of stage 2.
From the shoulder settlement point readings,
shown in Figure 7, this failure is considered to
be a local squeeze failure. It may be seen that
the shoulder settlement points located above the
clay are settling at a slower rate than those
located in the clay.
This would occur if clay
was being squeezed laterally so as to retard the
higher settlement points. An analysis to confirm
the squeeze type nature of this failure has been
presented by Hollingshead and Raymond (1971).
The observations and analysis, thus verify the
usefulness of the berms.

Five years after construction rainfalls caused
ponds to form over about a 5 m length of the road
about the failure area.
Re-paving solved this
problem and the road now has a good surface and
gives a good ride. Alignment is excellent.

The reason for the minor failure at the
instrumental section is believed due to a number
of contributing factors as listed below:
•

•
•

CONCLUSIONS
From the performance of the case record described
herein, the following conclusions may be drawn:

Lateral logging was stopped about 2 m on
either side of the instrumented section so
that further instruments could be installed
during or after construction if required.
The instrumented area was close to the old
stream bed and moisture contents of the peat
were higher in the vicinity of a stream.
By design, the contractor was required,
during Stage 1, to place fill over the
instrumented area last in the hope that this
area would have the least chance to
strengthen, thus giving the best indication
of a probable failure.

e
•
•

•

In order to analyze the failure in the clay it
must be noted that the water table is close to
the ground level and that the berms have settled
about 300 mm.
Thus the berms, which were
uncompacted, impose a weight of about 14 kPa.
The compacted central fill weighed about 20 kN/m3
so that 2.1 m of fill imposed about 42 kPa of
pressure.
Thus the load causing failure
(assuming no load spreading) is about 28 kPa.
The minimum clay strength of about 6 kPa would
approximately predict a completely flexible
failure load of 30 kPa.
Confinement from the
logs and load spreading by the upper layers
probably prevented complete failure. Today this
confinement
is
commonly
provided
by
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Neither total nor effective stress analysis
was reliable for the upper 6 m of the
deposit.
surcharge berms were essential in preventing
large shear deformations within the peatmarl layers.
The method of construction had a major
effect on the performance of the deposit.
Building the berms from their outer limits
inwards was of major value resulted in a
heave of 75 mm on the centre line.
The stability of the clay is approximately
given by five times the clay's minimum
strength.
All material should be placed in specified
thicknesses. Grade stakes should be located
within the fill being placed so they settle
with its placement.
The rate of construction was controlled by
an instrumentation using both piezometers
and settlement tips. The latter were found
to be as useful as the former since they
located the depth at which the deformations
were occurring.
The amounts and rates of settlements were
within the broad limits expected from the
test data.
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